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1. Executive summary 
The UQ-SDAAP study included the need for challenging lateral prediction of rock properties from areas of 
good well control (in terms of static and dynamic, flow properties) to areas which lacked such control i.e. the 
deepest areas of the Surat Basin. The chosen method was to construct a sequence stratigraphic 
interpretation for the development of the basin and how its depositional environments were likely to vary over 
the area. A conceptual sequence model, internally consistent with core, wireline, well-test and seismic data, 
was created to guide the prediction of facies, and hence of key properties, into the basic centre.    
Integration of core, wireline logs, and seismic data were used to construct a sequence stratigraphic 
framework in which to interpret the facies and flow units of the Precipice Sandstone and Evergreen 
Formation. We identify three third-order sequences, SQ1-SQ3, from base to top. Each sequence consists of 
3 main parts: (1) a lowstand systems tract (LST) comprising aggradational-stacked facies successions, (2) a 
transgressive systems tract (TST) in which facies retrograde towards the basin margins, and (3) a highstand 
systems tract (HST) where facies prograde into the basin-centre. The main reservoir interval, the Precipice 
Sandstone, represents the LST of SQ1. The Transition Zone through which pressure and CO2 migration is 
anticipated to dissipate, corresponds to the TST and HST of SQ1. All of SQ2 and the LST of SQ3 – 
corresponding to the Boxvale Member (Evergreen Formation) – are also part of the Transition Zone. Finally, 
the Ultimate Seal is composed of the TST and HST of SQ3. These equate to the Westgrove Ironstone 
Member and the Upper Evergreen Formation. 
In addition to a new sequence nomenclature for the lower portions of the Surat Basin sedimentary fill, we 
show that the Precipice Sandstone and Lower Evergreen Formation progressively onlap the western and 
eastern margins of the basin, and this confines the Precipice Sandstone to the central portions. Furthermore, 
the three mapped sequences approximately coincide with global sea-level cycles documented for the early 
Jurassic (Haq et al. 1987). Two episodes of accelerated tectonic subsidence were responsible for the 
thinning and onlap of SQ1 and SQ3 on the basin margins. In contrast, weak tectonic subsidence was 
responsible for the overall finer grained sediment, the uniformity of thickness, and widespread distribution of 
SQ2. 
  




This report is intended to document the stratigraphic analysis that was undertaken on the Precipice 
Sandstone and Evergreen Formation, the main reservoir and seal intervals of interest for the UQ-SDAAP 
project. Previous studies have utilised a lithostratigraphic approach to characterising the stratigraphy within 
the basin, and this has been deemed inappropriate because it does not adequately link geobody distribution 
to the layering of strata within the basin. Instead, we applied a sequence stratigraphic methodology with the 
intent of showing how sedimentary facies, depositional environments, and stratal architecture relate to the 
distribution and nature of flow units. Through the use of the sequence stratigraphic subdivision more 
geologically-realistic static reservoir models can be constructed. The new stratigraphic framework serves as 
a means to subdivide and segregate the Blocky Sandstone Reservoir, Transition Zone, and Ultimate Seal 
within the static geological model. The improvement in understanding of strata and geobodies will yield more 
accurate dynamic simulation and will help explain the transmission of pressure and CO2 across the basin for 
notional carbon storage scenarios. 
2.2 Introduction 
A lack of a basin-wide stratigraphic scheme that is linked to palaeodepositional interpretation has hindered 
the predictive accuracy of reservoir performance modelling for CO2 sequestration in the Surat Basin. The 
poorly constrained stratigraphy makes predicting reservoir-seal effectiveness difficult. Particularly, the sandy 
Precipice Sandstone was previously considered to be overlain by a muddy Evergreen Formation, which was 
the basis for subdividing the two formations (Exon 1976; Green et al. 1997; Martin et al. 2017). However, a 
sandy transitional interval that is sometimes called the “upper Precipice” (e.g. Ziolkowski et al. 2014; Martin 
et al. 2017) has caused confusion about where to place the contact between the two formations. Due to an 
inconsistently applied nomenclature, the architecture of reservoirs and seals in this section are not well 
communicated in the literature. This is especially evident on the western margin of the basin where 
sandstones thought to be correlative to the Precipice Sandstone occur high on the Roma Shelf. However, 
this is not supported by recent pressure monitoring data, which suggest that these are hydraulically isolated 
from the main, thick sandstone reservoir, and probably are sandstones contained within the Evergreen 
Formation (see Hayes et al. 2019a). 
To better describe the stratigraphy, we undertook an integrative study using core, wireline logs, and seismic 
data, constructing a detailed sequence stratigraphic framework to explain the distribution of facies across the 
basin. This enables a better understanding of the architecture of reservoirs and seals and provides better 
context to describe the Lower Jurassic System in the Surat Basin. 
3. Geological setting 
The Surat Basin has an area of ~327, 000 km2 and stretches from 25 to 33 S, and from 147 to 152 E in 
Eastern Australia (Figure 1). A series of structural highs separate surrounding time-equivalent basins – the 
Eromanga and Clarence-Morton basins (Power and Devine 1970; Exon 1976; Green et al. 1997). The Surat 
Basin developed as a shallow platform depression following uplift, exposure and non-deposition atop the 
Bowen and Gunnedah basins (Exon 1976; Green et al. 1997), and therefore partly rests upon Palaeozoic 
rocks. 
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Figure 1 (A) Geographic location of the Eromanga, Surat, and Clarence-Moreton basins in Australia. (B) 
The main structural features of the Surat Basin, and the location of wells used in cross sections, 
including the location of cored wells discussed in this report. (C) Structure-contour map of the 
base-Surat unconformity surface. 
 
The axis of the basin trends northward along the Mimosa Syncline (Exon 1976; Hoffmann et al. 2009). The 
Leichardt-Burunga and Moonie-Goondiwindi fault systems are two major structural features interpreted as 
reactivated incipient basement faults (Raza et al. 2009) of the underlying Bowen Basin. Wide acceptance of 
the mechanisms of basin formation has not yet been achieved. Varying datasets suggested possible 
mechanisms including thermal subsidence (Korsch et al. 1989), dynamic platform tilting (Gallagher et al. 
1994; Korsch and Totterdell 2009; Waschbusch et al. 2009), and intraplate rifting (Fielding 1996). 
Nonetheless, some combination of a thermally relaxing compressional tectonic regime and regional 
subsidence were responsible for the widespread deposition of the Precipice Sandstone and Evergreen 
Formation (Green et al. 1997). 
The sedimentary fill in the Surat Basin exceeds 2500 m of siliciclastics and coal. Several lithostratigraphic 
frameworks exist for the basin varying in name and depositional age of units, although none are universally 
accepted (e.g. Power and Devine 1970; Exon 1976; Exon and Burger 1981; McKellar 1998; Hoffmann et al. 
2009; Totterdell et al. 2009; Ziolkowski et al. 2014; Wainman et al. 2015; Figure 2). 
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Figure 2 Comparison of various lithostratigraphic and sequence stratigraphic schemes for the Surat 
Basin, displayed next to the eustatic sea level curve developed by Haq et al. 1987. The 
Westgrove Ironstone Member has been dated using palynology to represent a regional 
transgression that correlates with the early Toaracian global sea level rise (Hallam and Wignall, 
1999). The Precipice Sandstone and Evergreen Formations were defined as supersequences 
by Hoffmann et al. 2009. 
 
Sequence stratigraphy has also been applied in the Surat Basin (e.g., Hoffmann et al. 2009; Totterdell et al. 
2009; Ziolkowski et al. 2014). Early workers recognised six major cycles in the Jurassic-Cretaceous, each of 
which lasted from approximately 10 to 20 Ma and broadly correspond to 2nd-order global tectonic and 
sedimentation cycles (Exon & Burger 1981; Burke 2011). The earliest cycle was thought to characterise the 
Precipice-Evergreen strata (Exon & Burger 1981). Subsequently, a higher resolution sequence stratigraphic 
interpretation was proposed by Ziolkowski et al. 2014. However, the resulting framework used a limited 
dataset, but did not combine seismic, wireline logs, and core for a basin-wide sequence determination.  
The Precipice Sandstone and Evergreen Formation have been previously interpreted as non-marine 
deposits in an intracratonic setting (Exon 1976; Exon & Senior 1976; Gallagher et al. 1994; Green et al. 
1997). The Precipice Sandstone is commonly interpreted to represent high-energy, braided river deposits 
because of its consistently thick coarse-grained cross-stratified sandstones with only thin, interspersed 
mudstone intervals. The Evergreen Formation, on the other hand, has been considered to represent 
meandering river and freshwater lacustrine deposits (Exon 1976; Exon & Burger 1981). However, the 
Westgrove Ironstone Member appears to show subtle marine influence (Exon 1976), although it has been 
interpreted that fully marine conditions did not become established in the basin (Green et al. 1997, Cook et 
al. 2013). However, recent studies have indicated that there was marine influence in the Surat during the 
early Jurassic (Martin et al. 2017; Bianchi et al. 2018).  
4. Methods 
Sequence stratigraphy was used in this study to build a robust stratal framework. Major surfaces were traced 
across the basin including sequence boundaries (SBs), transgressive surfaces (TSs), and maximum flooding 
surfaces (MFSs; cf. Posamentier and Vail, 1988). The main datasets used to construct the framework were 
core, wireline logs, and 2D seismic. Relatively rare and localised 3D seismic was a secondary but important 
source of reflector information. 
The first step in our stratigraphic analysis was to identify SBs, as well as TSs, and MFSs that define the 
lowstand systems tracts (LST), transgressive systems tracts (TST), and highstand systems tracts (HST) in 
cored wells. The sedimentary facies evolution was determined based on lithologic composition, sedimentary 
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structures and bioturbation, as well as wireline log response (La Croix et al., 2019a). Facies juxtaposition 
and Walther’s Law were used to determine stratigraphic discontinuities indicative of SBs, as well as 
aggradational, progradational, and retrogradational facies stacking patterns. These major surfaces and the 
stacking patterns of facies contained between them helped subdivide the succession into systems tracts. 
Importantly, the fluvial-lacustrine sedimentary nomenclature used in previous studies of the Surat Basin 
(e.g., Hoffmann et al., 2009; Ziolkowski et al., 2014) were deemed to be inappropriate and replaced with 
marine sequence stratigraphic terminology and concepts around deltaic and paralic sedimentation. 
Next, a geological and geophysical data integration was performed, and the regional sequence framework 
was analysed using 2D seismic data tied to the representative cored wells. Time-depth conversions from 
synthetic seismograms were used to link the sequence stratigraphic surfaces from wells to seismic. 
Nevertheless, sequence boundaries were also independently identified on seismic according to reflection 
termination style such as truncation, toplap, onlap, and downlap (cf. Vail et al 1977; Van Wagoner et al. 
1988; Galloway 1989). The seismic sections provide a rough regional stratigraphic framework, although their 
resolution is limited for determining smaller-scale architecture. 
Finally, sequence correlations in wells were extended across the whole basin to illustrate the internal 
stratigraphic architecture and sedimentary facies evolution, guided by the seismic stratigraphic framework. 
5. Sequence stratigraphic framework 
5.1 Stratigraphic interpretation of representative wells 
A series of wells that were cored through the full Precipice-Evergreen succession were used as key wells for 
the purpose of determining the sedimentary facies evolution and for identifying stratigraphic sequences. 
According to core observations, three main facies associations dominate the studied interval: (1) Braided 
channel complexes characterising the majority of the Precipice Sandstone. This dominantly consists of 
coarse-grained cross-stratified sandstone. (2) Lower delta plain which is prevalent throughout most of the 
Evergreen Formation. This association comprises a mixture of sandstones, mudstones, and coal. (3) Delta 
lobe which occurs interspersed through the Precipice Sandstone and is dominant within the Evergreen 
Formation (see La Croix et al. 2019a). 
Sequence boundaries generally occur at the sharp bases of thick coarse-grained sandstones. The 
sandstones represent multiple, superposed distributary channel deposits, which uncomfortably overlie much 
finer sediment of the delta lobe. This juxtaposition of facies does not follow Walther’s Law, indicating an 
interruption in deposition due to rapid base level fall. Furthermore, the sandstones show aggradational 
stacking patterns that are typical of LST deposits. TSs are allocated at the tops of the sandstones, and are 
followed by upward-fining successions, indicating retrogradational stacking patterns. MFSs are allocated in 
the middle of the thickest, darkest, and most sand-lean mudstones in each sequence. These mudstones are 
in stark contrast to mudstone with root fossils lacking bioturbation indicative of lower delta plain muds. The 
HST portions of sequences show a conspicuous succession of distributary channel facies that conformably 
overlie mouth bar facies indicating gradual basinward deltaic progradation. 
Three sequences, SQ1-SQ3, were identified in the Precipice and Evergreen Formations (Figure 3). The 
sequences generally coincide with global sea-level cycles in the early Jurassic (Figure 2; Haq et al., 1987). 
Three representative wells were chosen to describe the sequence stratigraphy in more detail: Woleebee 
Creek GW4, Taroom 17, and Roma 8. These wells show the major stratal stacking patterns evident in the 
study area. 
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Figure 3 Summary of the stratigraphic nomenclature used in the UQ-SDAAP Project. The figure shows 
two of the most commonly applied lithostratigraphic schemes, our newly proposed sequence 
stratigraphic scheme, along with identification of the corresponding seismic events. 
 
5.1.1 Woleebee Creek GW4 
Of all the cored wells in the Surat Basin, Woleebee Creek GW4 has the thickest Precipice-Evergreen 
succession (316.50 m; Figure 4), suggesting it is representative of the stratigraphic sequence closest to the 
central portion of the Surat Basin (Figure 1). 
5.1.1.1 Sequence SQ1 
SQ1 occurs from 1399.20 m to 1574.18 m (measured depth) and is 175.98 m thick. It overlies Permian strata 
with a sharp, unconformable contact (“J10” surface) that is manifest by outstanding changes in lithology and 
wireline log response across the unconformity. The Precipice Sandstone, occurs from depths 1468.0-
1574.18 m (106.18 m thick), and is composed of red-brown conglomerate or medium- to coarse-grained 
sandstone interbedded with thin (less than 30 cm) grey mudstone. The Precipice Sandstone has a cylinder-
shaped gamma ray and resistivity wireline log response. The thick sandstone-dominated unit (more than 
95% sand), together with small-scale upward-fining successions and tabular cross-bedding, indicates a 
braided distributary channel depositional environment. The repetition of the same sedimentary facies 
suggests aggradational stacking. The Precipice Sandstone is the LST of SQ1. 
The TST of SQ1 is represented by an upward-fining succession from 1430.88-1468.00 m (37.12 m thick). It 
displays sedimentary facies evolution from distributary channels to nearshore. Five smaller transgressive 
events, occurring as a series of fining and thinning upwards packages of sandstone interbedded with 
mudstone are interpreted to be 5 deltaic parasequences. The surface across which there is an abrupt 
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upward-fining sandstone that divides the Precipice Sandstone and the Evergreen Formation is interpreted as 
the TS. 
The HST of SQ1 is composed of two layers of wave-laminated siltstone and mudstone between the depths 
1399.20-1430.88 m (31.68 m thick). These are interpreted as the delta lobe and represent two 
parasequences (Baas et al., 2015). 
Figure 4 The sequence stratigraphic framework applied to Woleebee Creek GW4. See Figure 1 for well 
location. PEF=photoelectric factor, LLM=medium resistivity. 
 
5.1.1.2 Sequence SQ2 
SQ2 spans from 1355.63 m to 1399.20 m. The sequence boundary SB2 occurs at the sharp interface 
between alternating sandstones and mudstones in the HST of SQ1 and fine-grained sandstone beds 
containing mud clasts (1391.00 m to 1399.20 m) interpreted as distributary channel deposits in the LST of 
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SQ2. From 1355.63 m to 1391.00 m SQ2 is mainly composed of mudstone interbedded with wave-laminated 
siltstone and fine-grained sandstone, interpreted as delta lobe facies. An upward fining cycle overlain by an 
overall coarsening cycle records transgression and regression, corresponding to the TST and HST, 
respectively.  
5.1.1.3 Sequence SQ3 
The Boxvale Sandstone Member occurs between 1346.27 m and 1355.63 m (measured depth). Its base is 
recognised by an abrupt lithologic change from the underlying mudstone, suggesting a depositional 
discontinuity as the sequence boundary of J20. The Boxvale Sandstone Member is composed of fine-
grained sandstone with tabular cross bedding, interpreted as distributary channel facies. The Boxvale 
Sandstone Member is the LST of SQ3.  
The Westgrove Ironstone Member is dominantly composed of chamositic ooids, but also contains intervals of 
siderite and other Fe-rich cements. The resulting wireline log character is a medium-amplitude gamma ray 
signature, and a bayonet-shaped density and photoelectric motif between 1307.38 m and 1346.27 m. The 
Westgrove Ironstone Member formed during a series of basin wide regression events that coincided with the 
transport of terrigenous iron material into the basin (Hallam & Bradshaw 1979), and the unit was, in part, 
reworked by wave and bottom currents to produce ooids (Cranfield et al. 1994; Turner et al. 2009). It is likely 
that there was a geographic barrier to ocean mixing, allowing for such concentration in iron-ions to occur in 
the water column. In Woleebee Creek GW4, 8 layers of oolitic ironstone that range from 10 cm to 100 cm in 
thickness are interpreted to represent 8 individual parasequences. An overall sea-level rise during deposition 
restricted sediment supply, being favourable for the formation and preservation of the oolitic ironstone (Exon 
1976). The Westgrove Ironstone Member is the TST of SQ3. 
Funnel- and bell-shaped gamma ray wireline log patterns from 1257.70 m to 1307.38 m (49.68m thick) are 
interpreted as a series of deltaic parasequences. Coarsening-upward and thickening upward cycles indicate 
basinward delta progradation during the HST of SQ3. Above 1257.70 m, a fining upward cycle signifies the 
occurrence of a younger sequence in the Hutton Sandstone. Finally, SQ3 is up to 97.93 m thick at depth of 
1257.70-1355.63 m. 
5.1.2 Taroom 17 
Taroom 17 is located in the northern Surat Basin (Figure 1), with an interval of the Precipice-Evergreen 
succession that is 217.00 m thick (Figure 5). 
5.1.2.1 Sequence SQ1 
The Precipice Sandstone occurs from the depths 423.00 m to 488.00 m (measured depth). It is composed of 
fine- to coarse-grained sandstone with minor conglomerate, and a high-amplitude cylindrical gamma ray and 
shallow resistivity wireline log response. The sandstone is interbedded with several thin (<10 cm), grey, 
sparsely bioturbated mudstone layers, implying short-term rises in base-level. Seven amalgamated braided 
channel deposits illustrate an aggradational stacking pattern, forming the LST of SQ1. 
An overall upward-fining succession occurs from depths 378.00 m to 423.00 m. The lower part is composed 
of fine- to coarse-grained sandstone with tabular cross bedding, small-scale upward fining cycles (2 m to 5 
m) and bell-shaped wireline log signatures, leading to their interpretation as distributary channel facies. The 
upper part is composed of siltstone with wavy lamination and serrated-shaped wireline log responses, 
interpreted as alternating lower delta plain and delta lobe deposits. From this, five parasequences were 
identified illustrating a retrogradational stacking pattern, corresponding to the TST of SQ1.  
From the depths 367.00 m to 378.00 m, occur two thin layers of wave-laminated siltstone with serrated and 
funnel-shaped wireline log responses. They present two parasequences with a progradational stacking 
pattern in the HST of SQ1, which were shown by alternating lower delta plain and delta lobe facies 
successions. At a depth of 378.00 m, the middle of the thickest mudstone, the MFS is interpreted to occur. 
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Figure 5 The sequence stratigraphic framework applied to Taroom 17. See Figure 1 for well location. 
 
5.1.2.2 Sequence SQ2 
Above a sharp contact representing SB2, a succession of fine-grained sandstone with tabular cross bedding, 
mud clast breccia, and a bell-shaped wireline log response occurs from depths 355.00 m to 367.00 m. The 
succession is interpreted to represent four amalgamated distributary channel deposits and shows an 
aggradational stacking pattern corresponding to the LST of SQ2.  
Mudstone interbedded with minor siltstone and fine-grained sandstone with funnel- and bell-shaped gamma 
ray wireline log responses characterises Taroom 17 from 330.00 m to 355.00 m. Two upward-fining deltaic 
successions showing a transition from mouth bar to small-scale distributary channel were observed, 
indicating a retrogradational stacking pattern of the TST of SQ2. 
The HST of SQ2 occurs from 312.00 m to 330.00 m. The highstand is manifest as mudstone interbedded by 
thin siltstone, interpreted as the transition from lower delta plain to delta lobe facies in the individual of two 
parasequences. 
5.1.2.3 Sequence SQ3 
The Boxvale Sandstone Member presents from 300.00 m to 312.00 m and is composed of fine- to medium-
grained sandstone with tabular cross bedding and a high-amplitude bell-shaped gamma ray wireline log 
response. It represents distributary channel facies within the LST of SQ3, and sharply overlies the muddy 
HST of SQ2. 
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Between 278.00 m and 312.00 m, the lower deposits consist of fine-grained sandstone with funnel- to bell-
shaped GR wireline log response, the upper facies consist of siltstone alternating with thin oolitic ironstone 
layers (<1 m thick). The facies evolutions indicate a retrogradational stacking pattern, corresponding to the 
TST. 
The HST of SQ3 occurs from 271.00 m to 278.00 m and is entirely composed of mudstone. The small 
thickness together with an inconspicuous progradational stacking pattern suggests post depositional erosion, 
removing most of the HST. The succession passes sharply upwards into thick, fine-grained sandstone 
bearing abundant mud clasts, tabular cross bedding and multiple upward fining successions, interpreted as 
stacked channel facies of a younger sequence. J30 marks the top of the Evergreen Formation is at 271.00 
m, the base of the thick sandstone. 
5.1.3 Roma 8 
Roma 8 is located on the western side of the Surat Basin (Figure 1). The well contains a much thinner 
Precipice-Evergreen succession (Figure 6) than occurs in the basin centre. 
Figure 6 The sequence stratigraphic framework applied to Roma 8. See Figure 1 for well location. 
 
5.1.3.1 Sequence SQ1 
From 1058.20 m to 1069.00 m, a well-cemented fine-grained sandstone with low-amplitude gamma ray 
response rests non-conformably on massive dolerite, representing the basement rocks to the Surat. Four 
stacked, thinning-upward packages of sandstone, from 1028.00 m to 1058.20 m, are interpreted as 4 
parasequences with an overall facies evolution from lower delta plain to delta lobe. The parasequences 
display a retrogradational stacking pattern as the TST of SQ1. Noticeably, the sandstones from 1043.00 m to 
1058.20 m have a high-amplitude gamma ray wireline log response, but should not be misidentified as the 
Precipice Sandstone. The LST of SQ1 is absent in this well. 
From depths 1016.00 m to 1028.00 m, mudstone interbedded with thin wavy-bedded fine-grained sandstone 
interpreted as deltaic facies, are the HST of SQ1. 
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5.1.3.2 Sequence SQ2 
Fine-grained sandstone from 1015.00 m to 1016.00 m is characterised by mud clast-breccia and tabular 
cross bedding, interpreted as distributary channel facies in the LST of SQ3. From 988.00 m to 1015.00 m, 
mudstone interbedded with siltstone and fine-grained sandstone is interpreted to be four parasequences of 
alternating lower delta plain and delta lobe facies in the TST-HST of SQ3. However, the retrogradational and 
progradational stacking patterns are not outstanding. 
5.1.3.3 Sequence SQ3  
The Boxvale Sandstone Member is absent from Roma 8. J20 occurs at 987.40 m, below the oolitic ironstone 
(Westgrove Ironstone Member). Three interbedded ironstone and siltstone layers, from 960.00 m to 987.40 
m, are interpreted as shoreface facies representing the TST of SQ3. Above this, the MFS occurs at 963.00 
m, within a thick layer of dark mudstone recording the maximum transgression. Finally, the upward transition 
from mudstone to siltstone then to fine-grained sandstone is interpreted to represent nearshore deposits 
passing upwards to mouth bars and then to distributary channels. These are the parasequences composing 
the HST. The entire Precipice-Evergreen succession is sharply overlain by a 10-meter-thick mud clasts-
bearing fine-grained sandstone at 948.00 m. This contact defines the J30 sequence boundary. 
5.2 Seismic stratigraphic interpretation 
Five seismic events were identified from well ties and synthetic seismograms, of which three traced across 
most of the basin: Seismic Event 5, Seismic Event 4, and Seismic Event 2, from bottom to top. Seismic 
Event 1 and 3 were localised features that did not trace laterally for long distances. The reflectors were 
approximations of surfaces we observe in core. They are schematically shown in an east-west oriented 
seismic section tied to Woleebee Creek GW4 (Figure 3 and Figure 7): (1) Seismic Event 5, a regional 
unconformity coinciding with the base-Surat unconformity and recognised in core and on wireline logs, is 
marked by truncation and onlap reflection terminations; (2) Seismic Event 4, correlated to the TS1 surface 
observed in core descriptions, is marked by a seismic property change from discontinuous weak reflections 
to overlying continuous high-amplitude reflections. It is a negative amplitude that is related to the low velocity 
and low acoustic impedance (AI) of the Blocky Sand; (3) Seismic Event 2, occurring near the J20 surface 
noted in core corresponds to the base of the lowstand systems tract or SQ3 and is a strong continuous 
negative-amplitude reflector due to an abrupt increase of AI. 
As a whole, the seismic reflection properties such as continuity and amplitude are closely related to 
sedimentary facies types. The LST of SQ1 is composed of the coarsest sediments, is dominantly distributary 
channel facies, and is represented by the poorest-continuity and weakest-amplitude reflections between 
Seismic Events 4 and 5 on the seismic section. It thins toward both the western and eastern margins of the 
basin with an overall lenticular shape. By contrast, the interval between Seismic Events 2 and 4, are 
represented by continuous near horizontal reflections with overall even thicknesses, corresponding to 
upward increasing mudstone and siltstone that have much greater lateral continuity. In SQ3 between 
Seismic Events 1 and 2 discontinuous and weak-amplitude reflections occur, which are caused by velocity 
and density anomalies related to the ironstone and cemented sandstone.  
The sequence stratigraphic framework in the north Surat Basin is displayed in an east-west oriented seismic 
section (Figure 8). The reflector Seismic Event 5 is demarcated by truncation terminations, indicating 
increasing denudation towards the western and eastern margins of the basin. Erosion into an underlying 
anticline of the Bowen Basin strata on the eastern side of the basin implies that Pre-Jurassic compressional 
tectonics were responsible for the base-Surat unconformity (i.e., J10) development. Discontinuous reflectors 
between Seismic Events 4 and 5 corresponding to the LST of SQ1, onlap and thin toward both the western 
and eastern basin margins. There are continuous high-amplitude reflections both in the TST-HST of SQ1 
and SQ2, between Seismic Event 2 and 4. In SQ3 reflections weaken and decrease in continuity upward 
between Seismic Events 1 and 2. 
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Figure 7 (A) Synthetic seismogram from Woleebee Creek GW4. (B) An east-west trending seismic 
section tied to Woleebee Creek GW4 that illustrates the sequence stratigraphic framework. The 
seismic data and synthetic seismogram are displayed in zero phase with SEGY convention 
polarity. See Figure 1 for section location. 
 
As shown in Figure 9, the sequence boundary marks and internal reflection features cross the middle of the 
Surat Basin and are similar to those in Figure 7. Noticeably, the interval between Seismic Events 4 and 5, 
relating to the LST of SQ1 have multistep internal onlap terminations and it pinches out both at the western 
and eastern margins of this basin. 
Figure 8 East-west trending seismic section showing the Lower Jurassic sequence stratigraphic 
framework across the northern Surat Basin. The base of the Lower Jurassic (Seismic Event 5) 
is a regional unconformity typically manifest by truncation and onlap reflector terminations. Note 
that the reflectors between Seismic Event 4 and 5 onlap and thin toward both the western and 
eastern basin margins. See Figure 1 for section location. 
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Figure 9 East-west trending seismic section showing the Lower Jurassic sequence framework across the 
middle of the Surat Basin. See Figure 1 for section location. 
 
5.3 Well correlations demonstrating the stratigraphic framework 
The uppermost ironstone layer is interpreted as a favourable datum to hang cross sections on for 4 main 
reasons: (1) it has a distinctive wireline log signature, and is easily recognised, (2) it is widespread, occurring 
in all wells, (3) it is interpreted to represent an MFS, and thus approximates a paleo-flat surface, and (4) it is 
a flooding surface, so is deemed to be isochronous at geological time-scales. We will discuss 4 characteristic 
wireline log cross sections below all hung on this datum to show the sequence stratigraphic architecture of 
the Precipice Sandstone and Evergreen Formation. 
5.3.1 Well Section 1 
Well Section 1 consists of 7 wells, 5 of which are cored: Taroom 17, West Wandoan 1, Woleebee Creek 
GW4, Chinchilla 4, and Condabri MB9-H, from approximately north to south (Figure 10). The section is 
oriented approximately along the central axis of the basin. 
Figure 10 SSE-NNW trending cross section (Section 1) showing the Lower Jurassic sequence 
stratigraphic framework. The Precipice Sandstone is significantly thinner towards the south. See 
Figure 1 for the location of the section and the wells with core. 
 
The LST in the north of SQ1 is mainly composed of fine- to coarse-grained sandstone with lesser 
conglomerate, displaying a high-amplitude cylindrical gamma ray wireline log signature. The LST becomes 
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‘dirtier’ (i.e., has a higher gamma ray signature) and is increasingly interbedded with mudstone southward, 
especially in Keggabilla 1. The lower TST is composed of fine- to coarse-grained sandstone interbedded 
mudstone, showing a retrogradational stacking pattern constructed by three parasequences along with 
distributary channel facies thinning upward. The upper portion of the TST is composed of alternating 
siltstone and mudstone with wavy lamination and lenticular bedding, signifying nearshore-shoreface facies 
and continuation of the retrogradational stacking pattern constructed by two parasequences. Interestingly, 
two sandstone layers with bell-shaped gamma ray wireline log responses in Keggabilla 1 suggest distributary 
channel facies with a southern provenance. The HST consists of siltstone and fine-grained sandstone 
interbedded with mudstone, and are interpreted mainly as nearshore-shoreface facies with subordinate 
distributary channel and mouth bar facies. 
The LST in SQ2 is a fine-grained sandstone layer with a sharp base that varies from 2.5 m to 8 m thick and 
is identified in the 5 cored wells contained within the cross section. The TST and HST are composed of 
mudstone, subordinary siltstone and fine-grained sandstone interpreted as mostly nearshore-shoreface and 
locally mouth bar to small-scale channel facies. On the whole, SQ2 is less varied in thickness than the other 
sequences. 
In SQ3, the Boxvale Sandstone Member, which is the LST, is composed of fine- to medium-grained 
sandstone in the north. At a maximum thickness of 34 m it is composed of 4 amalgamated distributary 
channel-complex deposits in Chinchilla 4 between 105.000 m and 1084.00 m. The number of oolitic 
ironstone layers contained within the TST varies between wells: 3 layers in Taroom 17, 5 layers in Chinchilla 
4, and 7 to 9 layers in West Wandoan 1, Woleebee Creek GW4, and Condabri MB9-H. The number of layers 
is greater in wells with a thicker TST interval. The HST displays well-developed progradational 
parasequences in West Wandoan 1 and Woleebee Creek GW4, but is more and less absent in other wells, 
which is attributed to denudation at the end of SQ3-time. J30 is marked by a sharp transition into a thick 
succession of distributary channel facies according in all cored wells. 
5.3.2 Well Section 2 
Well section 2 crosses the north of Surat Basin from east to west, and passes through the cored wells Roma 
8, Reedy Creek MB3-H, and Woleebee Creek GW4, in addition to 3 other non-cored wells (Figure 11). SQ1 
thins significantly westward and only slightly eastward. An architecture of multiple stratal onlaps reaching 
progressively westward up section is clearly demonstrated in seismic and well data. As a result, the 
Precipice Sandstone and Lower Evergreen Formation are increasingly absent in the western Surat Basin. 
Notably, the thick coarse sandstone layer in Roma 8, as well as Pine Ridge 15, are part of the lower of TST, 
although it shows a similar high-amplitude cylindrical GR wireline log response to the Precipice Sandstone.  
In SQ2, SB2 occurs at the base of a thick sandstone in Pine Ridge 15 and Woleebee Creek GW4. Overall, 
SQ2 shows relatively minor thickness variation, a dominantly muddy composition, and nearshore-shoreface 
facies with low-amplitude serration-shaped gramma ray and shallow resistivity wireline log motifs throughout 
the section. 
Each systems tract thins west- and east-ward way from the basin centre in SQ3. The Boxvale Sandstone 
Member, representing the LST of SQ3, is thick and well developed in Woleebee Creek GW4 and North 
Cherwondah 1, but absent in Roma 8. The TST is marked by a very-high density and PDPE wireline log in 
Pine Ridge 15, Reedy Creek MB3-H, and Woleebee Creek GW4. The HST is illustrated by a progradational 
stacking pattern, which consists of three parasequences in Reedy Creek MB3-H and Woleebee Creek GW4. 
However, it only consists of two parasequences in Pine Ridge 15, North Cherwondah 1 and South Burunga 
1, and one parasequence in Roma 8. J30 occurs at the base of a thick sandstone, especially in Roma 8 and 
North Cherwondah 1, with an undulatory nature indicative of late-stage denudation. 
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Figure 11 East-west trending well section (Section 2) showing the Lower Jurassic sequence stratigraphic 
framework. See Figure 1 for the location of the section and the wells with core. 
 
5.3.3 Well Section 3 
The NEE-trending well section 3 crosses the middle of the Surat Basin, and passes through the cored well 
Chinchilla 4 as well as 7 other uncored wells (Figure 12). The stratigraphic patterns are very similar to those 
in well section 2, however it should be emphasised that: (1) the Precipice Sandstone thins eastward more 
significantly; (2) SQ1, as well as several internal sandstone layers, onlaps westward; (3) the LST of SQ2 is 
composed of moderately thick sandstone in all wells except Rookwood West 1; (4) the TST and HST in both 
SQ1 and SQ2 are mainly composed of mudstone and siltstone, which together with their low-amplitude 
serration-shaped GR and LLS wireline log response indicate nearshore-shoreface facies; (5) the Boxvale 
Sandstone Member is missing in Bainbilla 2 and Bookooi 1, located in the middle of the Surat Basin; (6) the 
top of SQ3 is undulatory indicating late-stage denudation; and, (7) J30 occurs at the base of a moderate to 
thick sandstone in all wells, known as the Hutton Sandstone. 
5.3.4 Well Section 4 
The ENE-trending well section 4 is oriented across the southern Surat Basin, and passes through 7 wells 
(Figure 13) none of which have core. In this section, the stratigraphic arrangement shows that: (1) SQ1 is 
completely absent in the Fairmount 1 and Alton South 1 wells. The Precipice Sandstone thins abruptly 
eastward too; (2) the transitional TST interval consists of three thick sandstone layers with high-amplitude 
cylinder-shaped gamma ray wireline log profiles in SQ1; (3) in Alton South 1, two sandstone layers above 
J10 (the basal unconformity) are deemed to be part of SQ2 rather than comprise part of the Precipice 
Sandstone; and (4) J30 occurs at the base of a thick sandstone interval, which are identified as distributary 
channel facies according to their high-amplitude cylinder to bell-shaped GR wireline log response.  
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6. Discussion 
6.1 Subdivision of the Precipice Sandstone and Evergreen 
Formation 
The Evergreen Formation was generally described as being mudstone-rich and sharply overlies the 
Precipice Sandstone (e.g. Exon 1976; Green et al. 1997; Martin et al. 2017). However, a transitional interval 
consisting of 3 fine- to coarse-grained sandstone layers had been a topic of debate on the division of the two 
units (Green et al. 1997; Martin et al. 2017; Ziolkowski et al. 2014). In this study we assign the transitional 
sandstones to the Lower Evergreen Formation. The reason for this is that it is a finning upward succession 
with the retrogradational stacking pattern, and therefore is substantially different from the aggradational 
stacking pattern that occurs within the Precipice Sandstone. The transitional interval also represents abruptly 
increasing (although subtle) marine influence, which is distinct from the Precipice Sandstone (Martin et al. 
2017; Bianchi et al. 2018). Based on this strict definition, the Precipice Sandstone is mainly distributed in the 
central portion of the Surat Basin, as indicated by seismic, core, and well logs. 
Figure 12 ENE-trending well section (Section 3) showing the Lower Jurassic sequence stratigraphic 
framework. See Figure 1 for the location of the section and the wells with core. 
 
Figure 13 ENE-trending well section (Section 4) showing the Lower Jurassic sequence stratigraphic 
framework. See Figure 1 for the location of the section and the wells with core. 
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6.2 Sequence stratigraphic model 
The stratal thickness (recording basin geometries), internal stratal architecture (i.e., truncation, onlap, and 
toplap), and sedimentary infill history (i.e., sedimentary facies evolution) are integrated to summarise a 
sequence stratigraphic model for the Surat Basin and to discuss the major control factors in the development 
of each sequence. First of all, the three sequences are found to coincide the global sea-level cycles in the 
early Jurassic (Figure 2; Haq et al. 1987). In addition, two tectonic episodes are proposed to have had 
important impacts on the development of the lower Jurassic strata of Surat Basin. 
Compressional tectonics lasted approximately 30 Ma prior to the Early Jurassic in Eastern Australia (Exon 
1976; Green et al. 1997). This compressional regime was responsible for the development of the basal-
unconformity separating the (mostly) Jurassic strata of the Surat Basin from the Permian, Carboniferous, and 
Triassic strata of the Bowen Basin. Subsequently, an intense north-south directed basement subsidence 
event commenced deposition within the Surat Basin during the development of SQ1, defining the distribution 
of the Precipice Sandstone. The subsidence resulted in high topographic relief and abundant sediment 
supply producing wide-spread braided distributary channel environments. It is likely that the pre-Jurassic 
tectonics generated a weakened crust favourable for the subsequent subsidence since the Surat Basin 
centre stretched along the pre-existing axis of the Mimosa Syncline.  
SQ1 is characterised by an LST and TST that are far thicker than its HST, which is accompanied by 
prominent stratal onlap to the western (i.e., Roma Shelf) and eastern (i.e., Moonie-Goondiwindi Fault 
Systems) margins of the basin. The LST and TST of SQ1 are composed of 9 and 5 parasequences, 
respectively, whereas the HST is only 2 parasequences thick. It is inferred that the subsidence in the central 
portion of this basin accelerated to create abundant accommodation during the deposition of the LST and 
TST, and then slowed down by HST time. 
SQ2, distinct from SQ1, is much thinner and less variable in thickness. It contains fewer parasequences 
(generally 5) and comprises finer-grained sediments that are dominantly nearshore-shoreface facies (Figure 
11). The nature of SQ2 suggests a flat paleotopography, a deficient sediment supply, and slower and more 
evenly-distributed basement subsidence compared to SQ1 (Figure 11). Overall, SQ1 and SQ2 underwent an 
episode of intensifying and then waning tectonic influence, so are combined to be a supersequence.  
SQ3 is unique for the widespread oolitic ironstone layers. According to biostratigraphic age-dates, the 
acritarch-bearing Boxvale Sandstone and Westgrove Ironstone members are interpreted to be coincident 
with a minor drop in sea level following a rapid rise of global sea level in the early Toarcian, respectively 
(Green et al. 1997, Hallam & Wignall 1999, Cook et al. 2013) (Figure 2). An epicontinental sea, which 
extended through eastern Australian basins including the Nambour, Clarence-Moreton, Eromanga, and 
Surat basins, is a likely paleogeographic situation to explain the high iron concentration necessary for the 
ironstone formation. The epicontinental sea would have been accompanied by intensive leaching of iron 
minerals from the craton (Rahiminejada and Zand-Moghadam, 2018). Although global sea level change was 
prominent at the time, tectonics also played a major role in controlling sequence development. This is 
reflected in the Boxvale Sandstone Member being absent from the eastern and western basin margins as 
well as the amount of ironstone layers decreasing west- and eastward (Figure 11). Nevertheless, the tectonic 
influence in SQ3 was far weaker than in the development of SQ1 because strata thin or are missing on the 
basin margins to a lesser degree in SQ3 than in the SQ1. Hence, SQ3 forms the next supersequence. 
6.3 Architecture of the reservoir-seal pair 
The construction of sequence stratigraphic framework gives important insights into the architecture of lower 
Jurassic reservoirs and seals for CO2 storage. The reservoir and seal are not accurately described as the 
sandy Precipice Sandstone sealed by a muddy Evergreen Formation. Rather, the sandy transitional interval, 
herein considered as part of the Evergreen Formation, makes the reservoir-seal pair relationship more 
complex and essential to understand in order to mitigate uncertainty regarding the effectiveness of the seal.  
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Overall, the importance of sequence stratigraphy fore describing the reservoir and seal relationships are 
summarised: (1) the distribution of the major sandstone unit for prospective CO2 storage in the Surat Basin 
(the Precipice Sandstone) has a more restricted vertical and lateral distribution than has been recognised by 
previous workers is termed for UQ-SDAAP project as the Block Sandstone Reservoir; (2) the sandy 
transitional interval occurring in the TST of SQ1, was deposited during the early stages of relative base level 
rise, retreated towards and onlapped the eastern and the western basin margins. It is inferred to increase in 
sandstone content and thickness towards the basin margins, as geobodies backstepped and retrograded. 
Importantly, these sandstone layers should not be misidentified as the Precipice Sandstone, with a case 
example being in the Roma 8 core (Figure 15 F); (3) Sand bodies in the transitional interval are poorly-
connected due to their depositional affinity with meandering distributary channels, and are generally of lower 
permeability than the main blocky sandstone in the Precipice Sandstone / LST. Overall, they have far less 
desirable reservoir characteristics compared with the Precipice Sandstone; (4) there are thin mudstone 
intervals in the upper TST and HST of SQ1 that act as local seals; (5) SQ2 is a good regional seal because 
of its low proportion of sandstone, thickness (40-50 m) and widespread distribution; (6) the Boxvale 
Sandstone, which is discontinuously distributed across the central portion of the basin, may be a secondary 
reservoir. In the UQ-SDAAP project this unit falls within the Transition Zone; and, (7) the TST and HST of 
SQ3 have good sealing potential because they are widespread and overall fine-grained. In this project we 
are calling this interval the Ultimate Seal. 
7. Conclusions 
Using core, seismic, and wireline log data, a basin-wide sequence stratigraphic framework has been 
constructed and refined for the Lower Jurassic succession, the Surat Basin. The framework has been 
applied to improve understanding of the architecture of the Precipice Sandstone and Evergreen Formation 
as a reservoir, Transition Zone and seal defining a CO2 storage complex. The major findings of this study are 
summarised as follows. 
(1) Three sequences were identified, SQ1 to SQ3. The two main intervals of sandstone are the Precipice 
Sandstone and the Boxvale Sandstone Member represent the LSTs of SQ1 and SQ3, respectively.  
(2) The transitional interval at the base of the Evergreen Formation is a fining-upward succession with a 
retrogradational stacking pattern that is different from the progradational stacking pattern observed in the 
Precipice Sandstone, and represents the TST of SQ1. 
(3) The Precipice Sandstone and Lower Evergreen Formation onlap the western and eastern margins of the 
Surat Basin. Consequently, the Precipice Sandstone (i.e., the Block Sandstone Reservoir), is confined to the 
central part of the Surat Basin.  
(4) The Westgrove Ironstone Member and Upper Evergreen Formation are thick and widespread across the 
entire basin. Due to this they are interpreted to provide excellent sealing potential to underlying reservoirs. 
The UQ-SDAAP project considers these the Ultimate Seal. 
(5) The three sequences approximately coincide with global sea-level cycles in the Early Jurassic. Two 
episodes of accelerated tectonic subsidence were responsible for SQ1 and SQ3 thinning west- and east--
ward. In contrast, a much slower evenly distributed subsidence regime helps explain the finer grain-size and 
widespread distribution of SQ2. 
Based on sedimentary facies evolution and stratal stacking patterns, this study provides a new interpretation 
for how to subdivide the Precipice Sandstone and Evergreen Formation, which is consistent with core, 
wireline logs, and seismic data. We propose that the lithostratigraphic subdivision that includes a “lower” and 
“upper” Precipice Sandstone be abandoned because it is not clearly related to the controlling factors on 
deposition. Instead, our sequence stratigraphic model gives insights into the spatial-temporal stratigraphic 
evolution and for that reason is preferred. 
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9. Appendices 
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Subsea Structure Map TS1 Surface 
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Subsea Structure Map MFS1 Surface 
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Subsea Structure Map SB2 Surface 
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Subsea Structure Map TS3 Surface 
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Subsea Structure Map J30 Surface 
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Isopach Thickness Map J10–TS1 
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Isopach Thickness Map TS1–MFS1 
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Isopach Thickness Map MFS1–SB2 
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Isopach Thickness Map SB2–TS3 
 
 
 UQ-SDAAP | Sequence stratigraphy of the Precipice Sandstone and Evergreen Formation in the Surat Basin 36 
 
Isopach Thickness Map TS3–J30 
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